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AMF.TVnMRNTS TO TH E CLAIMS 

A complete listing of the pending claims is as follows. This listing of claims supersedes all 
prior Ustings, and versions, of claims in the application, 

1. (Cunentljf amended) A method^ of monitoring the condition of a oubotonce in real 

tHfie-comprising: ' 

(1) disposing an electrode mechanism in ^a^substance; 

(2) • exciting said electrode mechanism sequentially with a specified nimibcr^^ 
altematinff voltages, wherein each of the alternating voltages is at a diflfcrent frequency in a 

'i 

range of firfequencies; 

(3) , perfoiming at least one calculation to generate at least one datum associated 
with each of ^e frequencies in the range of frequencies; 

(4) creating a gr^h comprismg x-valucs related to the specified number; and 
(55 A ; crc2Eting a combined plot by placing a plurality of plots generated from a 

plurality of spectra on the graph using Ae^aeiLat least one datum, wherein each x-value 
rrttrag poTids to at most one datum in the combined nlo t - o g BOciat e d with oach of th e 
frequonoies in said rongo of fr e qu e ncies . 

2. (Cuixently amended) Hie method of claim 1, further comprising repealing steps (1) 
- (5) at least onc e. thgrcbv4 e placing© a plurality of combined plots on the graph. 

3. (Original) The method of claim 2, further comprising building a spectral matrix that 
comprises at least two samples taken from the plurality of plots. 

4. (Original) The method of claim 3, further comprising: 

performing a Principal Component Analysis wilh respect to the spectral matrix; 
analyzing the results of the Principal Component Analysis to identify at least one principal 
component having significant influence on the spectral matrix; and 
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crcatmg a reduced spectral matrix having at least one column, wherein each column in the 
reduced spectral matrix is associated with a principal component having significant influence on the 
spectra] matrix. 

5. (Original) The method of claim 4, further compiising using a regression plot to analyze 
the results of the Principal Component Analysis. 

6. (Origmal) The method of claim 4, ftirther comprising applying a pre-processing 
function to the spectral matrix before performing a Principle Componenl Analysis on the spectral 
matrix. 

7. (Original) The method of claim 4, further comprising building a result matrix 
conq)risin8 known quantities of a plurality of components in the substance. 

8. (Original) The method of claim 7, further comprising performing a statistical technique 
that uses the reduced spectral matrix together with the result matrix to create at least one prediction 
equation for predicting properties in a second substance. 

9. (Original) The method of claim 8, fiather comprising using the at least one prediction 
equation to predict at least one property in the second substance. 

10. (Original) The method of claim 9. further comprising predicting the at least one 
property in the second substance in situ. 

11. (Original) The method of claim 8, wherein the statistical technique is selected ftom Ae 
group consisting of Multivariate Least Squares Regression, Principle Component Regression, and 
Gioup Methods of Data Handlmg. 

12. (Original) The method of claim 10, further comprising providing an end of life (EOL) 
indication for the substance when the amount of at least one of the at least one properties in the 
second substance has reached a predetermined value. 
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13. (Original) The method of claim 10, further comprising providing a remaining useful life 
(RUL) indication for the substance by comparing at least one of the at least one properties in the 
second substance to at least one baseline value for the substance. 

14. (Currently amended) A system^ for monitorinfi tho condition of a gub(?tanoo in aitu 
comprising: 

an electrode mechanism that is operational when disposed in 4he-a.substance; 

a mechanism for exciting the electrode mechanism sequentially with a specified number of 
alternating voltages;-df)d 

a computing device for performing at least one calculation to generate at least one datum 
associated with each of a plurality of frequencies in ^a.rangc of frequencies, wherein the 
computing device is capable of receiving input from the electrode mechanismiand 

least one prediction equation that is gen erated at least in part bv using the at least one 

dalupl . 

1 5- (Original) The system of claim 14, further comprising a current sensor, wherein 
the computing device is coxxfigured to receive input from the current sensor. 

16- (Original) The system of claim 14, wherein the at least one datum includes at 
least one value for resistive impedance and at least one value for reactive impedance, 

17. (Original) The system of claim 14, further comprising an information library. 

1 8. (Original) The system of claim 1 7, wherein the computing device comprises the 
information library. 

1 9. (Currently amended) The system of claim 1 7, wherein tihe infomiation library 
comprises the a t least one prediction equation. 

20. (Currently amended) The system of claim 4^14, wherein the at least one prediction 
equation comprises at least one coeflBcient generated by using a statistical technique that uses a 
result matrix together with at least one reduced spectral matrix. 
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21 . (Currently amended) The system of claim +914, wherein the at least one prediction 
equation comprises at least one coefficient generated by combining: 

at least one first interim coefficient generated by using a statistical technique that uses a 
result matrix together with a first reduced spectral matrix; and 

at least one second interim coefficient generated by using a statistical technique that uses a 
result matrix together with a second reduced spectral matrbc; 

22. (Original) The s ystem of claim 20, wherein the at least one reduced spectral matrix 
comprises data from at least one Bode plot of resistive impedance and at least one Bode plot of 
reactive impedance. 

23. (Original) The s ystem of claim 20, wherein the at least one reduced spectral matrix 
comprises data from at least one Nyquist plot. 

24. (Original) The s ystem of claim 20» wherein the at least one reduced spectral matrix is a 
combined reduced spectral matrix. 

25. (Original) The s ystem of claim 19, wherein the computing device further comprises at 
least one predicted property value generated using the at least one prediction equation- 

26. (Original) The s ystem of claim 25, wherein the information library fijrfher comprises at 
least one baseline value. 

27. (Original) The s ystem of claim 26, wherein the computing device further comprises at 
least one property prediction that is generated using the at least one predicted property value and the 
at least one baseline value. 

28. (Original) The s ystem of claim 27, wherein the computing device is configured to 
output a remaining usefiil life (RUL) indication. 

29. (Original) The s ystem of claim 27, wherein the computing device is configured to 
output an end of life (EOL) indication. 
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30. (CurrenUy amended) A method* for monitoring the condition of a substance m oitu 
comprising: 

disposing in A^a_substance an electrode mechanism that is operational when disposed in the 
substance; 

exciting the electrode mechanism sequentially with a specified number of alternating 
voItage5;-eRd 

performing at least one calculation to generate at least one datimi associated with each of a 
plurality of frequencies in Ae-a.rangP of frequenciesiand 

pftTi emtirn^ at least one prediction equation at least in part bv using the at Least one datum. 

3 1 . (Original) The method of claim 30, wherein the at least one datum includes at least one 
value for resistive impedance and at least one value for reactive impedance. 

32. (Qrigiiial) The method of claim 30, further conq>rising creating an information library. 

33 . (Currently amended) The method of claim 32, wherein the infonnation library 
comprises the at least one prediction equation. 

34. (CuiTcntly amended) The method of claim 303^, wherein the at least one prediction 
equation comprises at least one coefficient generated by using a statistical technique that uses a 
result matrix together with at least one reduced spectral matrix. 

35. (Currently amended) The method of claim 3^. wherein the at least one prediction 
equation comprises at least one coefficient generated by combining: 

at least one first mterim coeJBRcient generated by using a statistical technique that uses a 
result matrix together with a fibrst reduced spectral matrix; and 

at least one second interim coejaScient generated by using a statistical technique that uses a 
result matrix together with a second reduced spectral matrix; 

36. (Original) The method of claim 35, wherein the at least one reduced spectral matrix 
comprises data from at least one Bode plot of resistive impedance and at least one Bode plot of 
reactive impedance. 
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37. (Original) The method of claim 35, wherein the at least one reduced spectral matrix 
comprises data from at least one Nyquist plot 

38. (Original) The method of claim 35, wherein the at least one reduced spectral mairix is a 
combined reduced spectral matrix. 

39. (Currently amended) The method of claim 20^, further ccwnprising generating at 
least one predicted property value using the at least one prediction equation. 

40. (Original) The method of claim 39, wherein the information library further comprises at 
least one baseline value. 

4L (Original) The method of claim 40, further comprising generating at least one property 
prediction using the at least one predicted property value and the at least one baseline value. 

42. (Original) Tlic method of claim 41, further comprising generating a remaining usejEiil 
life (RUL) indication. 

43. (Original) The method of claim 41, further comprising generating an end of life (EOL) 
indication. 

44. (Currently amended) A system for developing an information lihraryi for us e in 
monitorijtg tlie condition of a subotanoo in situ comprising: 

an electrode mechanism that is o perational when disposed in a first substance; 

a mechanism for exciting said electrode mechanism sequentially with a specified ntmiber of 
alternating voltages, wherein each of the alternating voltages is at a different frequency in a range of 
frequencies;-«ad 

a computing device for performing at least one calculation to generate at least one datum 
associated with each of the frequencies in the range of frequenciesiand 

at least one prediction equation that is generated at least in part bv using the at least one 

datum . 
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45. (Original) The s ystem of claim 44, wherein the at least one datum includes at least one 
value for resistive impedance and at least one value for reactive impedance. 

46. (Original) The s ystcm of claim 44, wherein the computing device is configured to 
receive as input a measurement of the current in the electrode mechanism at each of the jfrequencies 
in the range of frequencies. 

47. (Original) The s ystem of claim 44, wherein the range of frequencies is between 
approximately 75 kilohertz and 0.0075 hertz. 

48. (Original) The s ystem of claim 44, fiirther comprising the computing device conjfigured 
to create a graph comprising (1) at least one x-valtie related to the specified number and (2) a 
combined plot, wherein the data used to create the combined plot comprises the at least one datum 
associated witib each of the frequencies in said range of frequencies. 

49. (Original) The s ystem of claim 48, wherein the data used to create the combined plot 
fimher comprises: 

at least one datum from a first spectra comprising the at least one datum associated with 
each of the frequencies in said range of frequencies; and 

at least one datum from a second spectra comprising the at least one datum associated with 
each of the frequencies in said range of frequencies; 

wherein each of the at least one datum firom the first spectra and the at least one datum from 
the second spectra are associated with one of the at least one x-values. 

50. (Original) The s ystem of claim 49, wherein the first spectra comprises determined 
values for resistive impedance and the second spectra comprises determined values for reactive 
impedance. 

51. (Original) The s ystem of claim 48, wherein the data used to create the combined plot 
further comprises at least one datum derived from a Nyquist plot and the at least one datum derived 
from a Nyquist plot is associated with the at least one x-value. 
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52. (Original) The s ystem of claim 51, wherein the at least one datum derived from a 
Nyquist plot includes at least one datum from the bulk region of the Nyquist plot and at least one 
datum from the interfacial region of the Nyquist plot. 

53. (Original) The s ystem of claim 48, wherein the graph further comprises a plurality of 
combined plots. 

54. (Original) The s ystem of claim 53, fiirther comprising a spectral matrix that comprises 
at least two samples taken fh)m the plurality of combined plots. 

55. (Original) The s ystem of claim 53, wherein the plot of the detennined values for 
resistive impedance and the plot of the determined values for reactive impedance are Bode plots. 

56. (Original) The s ystem of claim 54, further comprising the computing device configured 
to perform a Principal Component Analysis with respect to the spectral matrix, 

57. (Original) The s ystem of claim 56j fiirther comprising the computing device confiigured 
to use the results of the Principal Component Analysis to create a reduced spectral matrix with at 
least one column. 

58. (Original) The s ystem of claim 57, further comprising a regression plot that is used to 
analyze the results of the Principal Component Analysis. 

59. (Original) The s ystem of claim 57, further comprising a pre-processmg function that is 
applied to the spectral matrix before performing a Principle Component Analysis on the spectral 
matrix. 

60. (Original) The s ystem of claim 57, fimher comprising a result matrix comprising 
known quantities of a plurality of components in the substance. 

61 . (Currently amended) The system of claim 60, further comprising the computing 
device conjBlgured to perform a statistical technique that uses the reduced spectral matrix together 
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with the result matrix to create the a t least one prediction equatio n for prcdioting properties b. a 
second oubstonc e, 

62. (Original) The s ystem of claim 61, fiarther comprising configuring Uic computing 
device to use the at least one prediction equation to predict at least one property in the second 
substance. 

63. (Original) The s ystem of claim 61, wherein the statistical technique is selected from the 
group consisting of Multivariate Least Squares Regression, Principle Component Regression, and 
Group Methods of Data Handling. 

64. (Currently amended) A method of creating an information library^ comprising 
infonnadon about a aubstanco, comprising the stepp of : 

(1) generating a plurality of first plots of spectra over a range of frequencies; and 

(2) creating a second plot that comprises the plurality of first plots by 
sequentially assigning x-values to selected frequencies in the plurality of first plots. 

65. (Original) The method of claim 64, further comprising: 

(3) repeating steps (1) - (2) at least once to generate a plurality of second plots. 

66. (Original) The method of claim 65, further coroprisii^ building a spectral matrix that 
comprises data taken from the plurality of second plots. 

67. (Original) The method of claim 65, wherein the plurality of first plots comprises at least 
one Bode plot. 

68. (Original) The method of claim 65, wherein at least one of the plurality of first plots 
comprises at least one datum derived from a Nyquist plot. 

69. (Original) The method of claim 68, wherein the at least one datum derived from a 
Nyquist plot includes at least one datum from the bulk region of the Nyquist plot and at least one 
dahjm from the interfacial region of the Nyquist plot. 
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70. (Original) The method of claim 66, wherein at least one of the plurality of fiist plots is 
a plot of resistive impedance spectra. 

71 . (Original) The method of claim 70, wherein at least one of the plwality of first plots is 
a plot of reactive impedance spectra. 

72. (OriBinal) The method of claim 64, wherein the range of ftequencies is between 
approximately 75 kilohertz and 0,0075 hertz. 

73. (Original) The method of claim 66, further comprising performing a Principal 
Component Analysis on the spectral matrix. 

74. (Original) The method of claim 73, further comprising using the results of the Principal 
Component Analysis to create a reduced spectral matrix having at least one column. 

75. (Original) The method of claim 74, further comprising using a regression plot to 
analyze the results of the Principal Component Analysis. 

76. (Original) The method of claim 74, further comprising ^plying a pre-processing 
function to the spectral matrix before performing a Principle Component Analysis on the spectral 
matrix. 

77. (Original) The method of claim 74, fiarther comprising building a result matrix 
comprising known quantities of a plurality of components in the substance. 

78. (Original) The method of claim 77, further comprising peifonning a statistical 
technique that uses the reduced spectral matrix together with the result matrix to create at least one 
prediction equation, 

79. (Original) The method of claim 78, further comprising using the at least one prediction 
equation to predict at least one property in a second substance. 

80. (Original) The method of claim 79, further comprising predicting the at least one 
property in the second substance in situ, 
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81. (Original) The method of claim 79, further comprising providing an end of life (EOL) 
indication for the second substance when the amount of at least one of the at least one properties in 
the second substance has reached a predetermined value. 

82. (Original) The method of claim 79, fiirther comprising providing a remainixig useful life 
(RUL) indication for the second substance by comparing at least one of the at least one properties, in 
the second substance to at least one baseline value for the substance. 

83. (Original) The method of claim 78, wherein the statistical technique is selected from 
the group consisting of Multivariate Least Squares Regression* Principle Component Regression, 
and Group Methods of Data Handling. 

I 84. (Currently amended) A method of onalygiDg a substanc e ^ -comprising th e st e ps - of : 

(1) generating a plurality of first plots of spectra over a range of frequencies; 

(2) generating a plurality of second plots of spectra over the range of frequencies; 

(3) repeating steps (1) - (2) at least once to generate a plurality of first plots and 
a plurality of second plots; and 

(4) creating a first spectral matrix from the plurality of first plots and a second 
spectral matrix from the plurality of second plots. 

85. (Original) The method of claun 84, wherein each of the first plots is a plot of resistive 
impedance spectra and each of the second plots is a plot of reactive impedance spectra. 

86. (Original) The method of claim 84, ftuthcr comprising performing a first Principal 
Component Analysis on the first spectral matrix and a second Principal Component Analysis on the 
second spectral matrix. 

87. (Original) The method of claim 86, further comprising: 

using the results of the first Principal Component Analysis to create a first reduced spectral 
matrix having at least one column; and 

using the results of the second Principal Component Analysis to create a second reduced 
spectral matrix having at least one column. 
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88. (Original) The method of claim 87, further comprising using a regression plot to 
analyze the results of the first Principal Component Analysis. 

89. (Original) ITie method of claim 87, fiiittier comprising using a regression plot to 
analyze the results of the second Principal Component Analysis. 

90. (Original) The me thod of claim 87, further comprising applying a pre-processing 
function to the first spectral matrix before perfcwming the first Principle Component Analysis on the 
first spectral matrix. 

91. (Original) The method of claim 87, further comprising applying a pre-processing 
function to the second spectral matrix before performing the first Principle Component Analysis on 
the second spectral matrix. 

92. (Currently amended) The method of claim 87, fiarther comprising building a result 
matrix comprising known quantities of a plurality of components in fee-a_substance, 

93. (Original) The method of claim 87, further comprising: 

performing a statistical technique that uses the first reduced spectral matrix together 
with the result matrix to create at least one first prediction equation; and 

performing the statistical technique using the second reduced spectral matrix together 
with the result matrix to create at least one second prediction equation. 

94. (Currently amended) The method of claim 93, further comprisixig: 

using at least one first prediction equation to determine at least one first predicted 
I value relating to at least one property in a seeead-substance; 

using at least one second prediction equation to determine at least one second 
I predicted value relating the to at least one property in the se^oadrsubstance; and 

combining the at least one first predicted value and at least one second predicted 
value to predict the least one property in the seco n d substance. 
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95. (CitttCMLtly amended) The method of claim 94, further comprising predicting the at 
least one property in the s econd s ubstance in situ, 

96. (Currently amended) The method of claim 95, ftirther comprising providing an end 
of life (EOL) indication for the seeeed-substance when the omount avglug of at least one of the at 
least one properties in the seeeftd-substance has reached a predetermined vataethreshQ^d* 

97. (Currently amended) The method of claim 95, furdxer comprising providing a 
remaining useful life (RUL) indication for the »6e»d-substance by comparing at least one of the at 
least one properties in the ooeond s ubstance to at least om^ baseline valu e^of the substanc e. 

98. (Currently amended) The method of claim 93 , wherein the statistical technique is 
selected from the group consisting of Multivariate Least Squares Regression, and Group Methods of 
Data Handling. 

99. (Original) The method of claim 87, further comprising building a combined reduced 
spectral matrix by combining the fibrst reduced spectral matrix and the second reduced spectral 
matrix. 

100- (Original) The method of claim 99, furflier comprising adding data derived from 
a Nyquist plot to the combined reduced spectral matrix. 

101. (Original) The method of claim 100, wherein the data derived from a Nyquist 
plot includes at least one datum from the bulk region of the Nyquist plot and at least one datum 
from the interfacial region of the Nyquist plot 

102. (Original) The method of claim 99, further comprising performing a statistical 
technique that uses the combined reduced spectral matrix and the result matrix to create at least one 
prediction equation. 

103. (Currently amended) The method of claim 1 02, further comprising using the at 
least one prediction equation to predict at least one property in a s e cond rsubstance. 
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104. (Currently amended) The method of claim 103. fiirther comprising predicting the at 
least one property in the «eeea4^bstance in situ. 

105. (Currently amended) The method of claim 104, further comprising providing an 
end of life (EOL) indication for the see««^substance when the amount of at least one of the at least 
one properties in the seeend-substajace has reached a predctennined vri«ethresh9^d. 

106. (Currently amended) Thcmethodof claim 104, further comprising providing a 
remaining useful life (RUL) indication for the seeeaA^ubstance by comparing at least one of the at 
least one properties in the seeoBd-substance to at least one baseline value -fer the substanc e. 

107. (Original) The method of claim 102, wherein the statistical technique is selected 
£com the group consisting of Multivariate Uast Squares Regression, Principle Component 
Regression, and Croup Methods of Data Handling. 

I 108. (Currently amended) A metho d of anialyir.ine a aubstono e, comprisin g tho otepo of : 

(1) generating a plurality of Nyquist plots, wherein each Nyquist plot is 
I associated with a sample of tfee-a.substance; 

(2) creating derived data by deriving at least one datum from each of the Nyquist 

plots; and 

(3) populating a spectral matrix with the derived data. 

1 09. (Original) The method of claim 108. wherein the derived data includes at least 
one datum ftom the bulk region of the Nyquist plot and at least one datum from the inter^ial 
region of the Nyquist plot. 

1 10. (Original) Hie method of clwm 108, wherein the derived data includes at least 
one of: a resistive impedance value where reactive impedance is minimum, a reactive impedance 
value where reactive impedance is minimum, a frequency at which reactive impedance is minimum, 
a maximum resistive impedance value within the total data set, a minimum resistive impedance 
value within the total data set, a resistive impedance value for the centerpoint of the curcle in the 
bulk region of the Nyquist spectrum, a reactive impedance value for the centerpoim of the 
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ccnterpoint of the bulk circle, a measurement in radians of the angle between the x axis and a line 
drawn through the origin of the graph and the centerpoint of the bulk circle, a calculation of the 
radius of the bulk circle, a resistive impedance value for the centerpoint of the circle in the 
interfecial region of the Nyquist spectrum, a reactive impedance value for the centerpoint of the 
interface circle, a measurement in radians of the angle between the x axis and a line drawn through 
the origin of the graph and the centerpomt of the interface circle, and a calculation of the radius of 
the interface circle. 

111. (Original) The method of claim 1 08, further comprising performing a Principal 
Component Analysis on the spectral matrix, 

1 12. (Original) The method of claim 111, further comprising: 

analyzing the results of the Principal Component Analysis to identify at least one principal 
component having significant influence on the spectral matrix and 

creating a reduced spectral matrix having at least one column, wherein each column in the 
reduced spectral matrix is associated with a principal component having significant influence on the 
spectial matrix. 

113. (Original) The method of claim 1 12, further comprising applying apre- 
processing function to the spectral matrix before performing a Principle Component Analysis on the 
spectral matrix. 

1 14. (Original) The method of claim 112, further comprising building a result matrix 
comprising known quantities of a plurality of components in the substance. 

1 1 5. (Original) The miethod of cldm 114, further comprising perfomuuig a statistical 
technique that uses the reduced spectral matrix together with the result matrix to create at least one 
prediction equation. 

1 1 6. (Original) The method of claim 115, further comprising using the at least one 
prediction equation to predict at least one property in a second substance. 
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1 1 7. (Original) The method of claim 1 1 6. further comprising predicting the at least 
one property in the second substance in situ. 

118. (Original) The method of claim 1 1 7, further comprising providing an end of Ufe 
(EOL) indication for the second substance when ihe amount of at least one of the at least one 
properties in the second substance has reached a predetwmined value. 

119. (Original) The method of claim 11 7, further comprising providing a remaining 
useful life (RUL) indication for the second substance by comparing at least one of the at least one 
properties in the second substance to at least one baseline ^ue for the substance. 

1 20. (Original) The method of claim 115, wherein the statistical technique is selected 
from the group consisting of Multivariate Least Squares Regression, Principle Component 
Regression, and Group Methods of Data Handling. 
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